Undernutrition is associated with worse clinical outcomes and so screening is recommended. Given the paucity of information on nutritional status and on the clinical impact of undernutrition in Pulmonology patients who have been hospitalized, it is of the utmost importance that it is studied.
Introduction
It is increasingly widely recognized that hospitalized patients are undernourished and that circa 30% of patients are at nutritional risk on admission to hospital. 1 ---3 Chronic Obstructive Pulmonary Disease (COPD), 4 ---6 lung cancer 7, 8 and tuberculosis 9 are pathologies that tend to be associated with undernutrition. Although the frequency of undernutrition risk in these pathologies has been studied, the data on the nutritional status of patients admitted to Pulmonology departments in very limited. A multicenter study conducted recently by Fang et al. in China revealed a frequency of 55.9% of undernutrition risk in a Pulmonology unit, 10 which justified the need to clarify whether the extent of this problem is confirmed in Portugal.
Some of the factors that increase undernutrition risk have already been mentioned, namely female gender and advanced age. 11, 12 The presence of the disease is critical since it is associated with increased risk of infection, organ dysfunction and pharmacological therapy. 3,12---14 In the past not enough attention was given to the importance of evaluating and monitoring parameters related to nutritional status, however the need to conduct undernutrition screening has now been widely recognized. 11, 12 Screening for undernutrition is justified by the fact that undernutrition is associated with adverse consequences for health as it increases predisposition to disease and inhibits recovery. 11 It has been reported that undernourished patients stay in hospital approximately 1.5-1.7 times longer than normal weight patients. 10, 15, 16 Undernutrition also increases the risk of infections and multiorgan dysfunction, the pressure on health care facilities and mortality, all of which have strong economic consequences. 3,14,17---19 To the best of our knowledge, the association between undernutrition risk and hospital admission pathology, time of admission and clinical outcomes has not been quantified for pulmonology patients, hence the need to conduct this research to improve our understanding of the extent of the problem and to confirm whether the associations already described for other classes of diseases can be confirmed in Pulmonology patients. The present study aims to contribute to the characterization of the risk of undernutrition of patients admitted to Pulmonology units and to quantify the possible associations between undernutrition risk, assessed by the Malnutrition Universal Screening Tool (MUST) and admission pathology, length of hospital stay and discharge destination.
Methods

Design and participants
We conducted a longitudinal study in the Department of Pulmonology at the Hospital Centre of Vila Nova de Gaia/Espinho, Entidade Pública, which included all the patients, aged 18 and above, who were admitted between February and July 2013.
This study was approved by the Ethics Committee and the Board of Directors of this Hospital Center and the anonymity of the participants was guaranteed. All information was obtained according to Declaration of Helsinki recommendations. 20
Data Collection
Data on demographics (age and sex), clinical characteristics, the condition that prompted admission, length of hospital stay (number of days between admission and discharge) and also destination post-hospital (home, transfer to Continuing Care Unit (CCU) or death) were obtained from the clinical files.
The assessment of undernutrition risk was conducted using the MUST in the first 72 hours after admission. This tool is based on three criteria, namely Body Mass Index (BMI), unintentional weight loss over the previous three to six months and significant decrease in food intake associated with acute illness for a period of more than five days. 15, 21 This tool is validated for use in hospitals, 15, 17 Stratton et al. compared different screening and nutritional evaluation tools with MUST, including the Mini Nutritional Assessment, the Patient -Generated Subjective Global Assessment, the Malnutrition Screening Tool, the Malnutrition Risk Score and Nutrition Risk Score in hospital, and showed that MUST compared to the other tools reviewed had reasonable to excellent validity, as well as being quick and easy to use and it also demonstrated excellent reproducibility among different users. 17 Anthropometric evaluation was performed according to standard procedures. 22 Height and weight were measured using Seca® scale with an incorporated stadiometer. Where it was not possible to obtain these measurements, reported weight and height were used to estimate the alternative BMI, and also mid upper arm circumference (MUAC) following the criteria recommended by MUST. 15 To calculate weight loss percentage over the last three to six months the usual weight recorded in the medical record was considered. If not available, the weight reported by the patient was used. 15 All information was collected by the same interviewer (IM).
The final score of the MUST was obtained by adding the scores for each of the three parameters evaluated, ranking undernutrition risk as low, moderate or high, if the score is 0, 1, or higher than or equal to 2, respectively. 15, 21 
Data Analysis
Frequencies, means and their standard deviation variables were calculated. For comparative analysis of length of hospital stay by MUST classification, patients who died during hospitalization and those who were discharged on request were excluded.
Continuous variables were compared using the Kruskal-Wallis test. Chi---square test was used to compare proportions between categorical variables. To estimate the magnitude of association between the studied parameters and undernutrition risk, odds ratio (OR) and their respective 95% confidence intervals were calculated and further adjusted for sex and age using unconditional logistic regression.
Statistical analysis was carried out using the Statistical Package for Social Sciences (version 20.0). The adopted significance level was 5%.
Results
This sample was composed of 323 patients (220 male and 103 female), with 18.3% showing high risk of undernutrition and 15.5% moderate risk. The pathology that most frequently led to hospitalization in patients at moderate and high undernutrition risk was, respectively, COPD (22% and 27.1%) and lung cancer (26% and 23.7%) ( Table 1 ). The patients at high risk of undernutrition were those who had a weight loss of often more than 10% (p < 0.001) ( Table 2 ). There were no statistically significant differences in hospital length of stay according to undernutrition risk classes (p = 0.765).
Undernutrition risk and hospital discharge destination were not independent (p<0.001). A higher proportion of patients with low risk of undernutrition were found to be discharged home, while the proportion of deaths was higher in patients with a high risk of undernutrition (25.4%) ( Table 1) . Stratifying patients by BMI categorization, 23 revealed that 66.7% of patients with high risk of undernutrition had low weight (p<0.001). In the remaining classes of undernutrition risk, the majority of patients had normal---weight ( Table 2) . In multivariate analysis, males showed a higher undernutrition risk compared to females (OR = 1.79, 95% CI: 1.06-3.01). COPD was the pathology associated with a higher risk of undernutrition (OR = 4.04, 95% CI: 1.83---8.90). It was also observed that pneumonia (OR = 2.31, 95% CI: 1.15-4.64) and lung cancer were associated with high undernutrition risk (OR = 2.12, 95% CI: 1.01-4.47). Moreover, patients at moderate/high risk of undernutrition are 2.72 times more likely to die during hospitalization (OR = 2.72 95% CI: 1.48-4.97) ( Table 3 ).
Discussion
The frequency of Pulmonology patients at high (18.3%) and moderate undernutrition risk (15.5%) at the time of hospital admission was shown to be relevant; one in three patients admitted to this unit is at risk of undernutrition. Fang et al. using the Nutritional Risk Screening 2002 reported recently on 440 patients admitted to a Chinese Pulmonology unit who had a higher risk of undernutrition (55.9%) than found in this present study. 10 Using the same method, Lucchini et al. reported on a sample of 35 patients admitted to an Italian Pulmonology Department of whom 40.0% were at risk of undernutrition. 24 Previous studies evaluating the frequency of risk of undernutrition using the MUST have been conducted among patients from other medical departments. In one Internal Medical unit, 25.4% of patients showed a high risk of undernutrition, higher than that found in the present sample. 25 Similarly, 47.5% of surgery patients were at high risk. 26 These differences may be explained by the characteristics of the sample and the methodology used.
Diseases such as COPD, 4 ---6 lung cancer 7, 8 and pneumonia stood out 27 among the conditions which led to hospitalization of patients at high risk of undernutrition. It has been reported that pneumonia patients have a higher prevalence of weight loss and biochemical changes related to nutritional status such as hypoalbuminemia. 27 These changes may explain high frequency of undernutrition in these patients.
According to the literature, tumours are associated with high rates of undernutrition. 12 A study by Zhang et al. conducted in patients hospitalized with a diagnosis of lung cancer, showed that 33% had undernutrition risk. 28 Although a different undernutrition screening tool (the Mini Nutritional Assessment) was used from the one in the present study, a significant frequency of patients with lung cancer at undernutrition risk (23.7%) was identified. The fact that some patients with lung cancer had previously received nutritional advice, may have contributed to a lower frequency of undernutrition risk than previously reported.
Gupta et al. conducted a study amongst hospitalized patients with COPD which showed that 83.0% were undernourished. 5 In the present study, a high proportion of COPD patients (27.1%) were at a high risk for undernutrition. It is not known if the previous study of the association between the reason for admission and risk of undernutrition was in an environment similar to this study, so comparisons cannot be made.
When comparing the frequencies of the outcomes of hospitalization according to risks of undernutrition it was found that the majority of patients with low risk were released home and the number of deaths was higher in patients who were at risk of undernutrition (25.4%). These results are consistent with indications that undernutrition is associated with increased risk of mortality. 27 Contrary to what has been previously described, it was found that males are more likely to be at medium/high undernutrition risk 11, 12 and no differences were found in length of hospital stay according with undernutrition risk classes. 15, 16 This research has some strengths; it is heterogeneous as it is composed of patients with different reasons for hospital admission and covers the full spectrum of diseases treated in a department of pulmonology. The study used MUST as the undernutrition screening tool as it is recommended for this purpose and has been validated for use in hospital. 15, 17 The fact that all the data was collected by the same investigator reduces the possibility of inter-observer variations and the possibility of misclassification in undernutrition risk classification.
The limitations of the present study include those inherent to its design. Patients admitted to the department studied may not represent the full spectrum of nutritionally relevant Pulmonology diagnoses and stages, especially those which are seasonal, although a relevant consecutive sample was obtained. Also, the small sample size obtained in some diagnostic groups compromised the statistical analyses and the inference for some types of patients.
We can conclude that patients in the Pulmonology Department showed a significant rate of undernutrition risk and patients with COPD or lung cancer were those with the highest risk of undernutrition. Patients at undernutrition risk were more likely to die during hospitalization. These results reinforce the need to screen all patients in pulmonology hospital care for undernutrition risk.
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